In the Starobinsky inflationary model inflation is driven by quantum corrections to the vacuum Einstein equation. We reduce the Wheeler-DeWitt equation corresponding to the Starobinsky model to a Schrödinger form containing time. The Schrödinger equation is solved with a Gaussian ansatz. Using the prescription for the normalization constant of the wave function given in our previous work, we show that the Gaussian ansatz demands Hawking type initial conditions for the wave function of the universe. The wormholes induce randomness in initial states suggesting a basis for time-contained description of the Wheeler-DeWitt equation.
Introduction
Inflation is an essential ingredient in modern cosmology to solve the horizon, the flatness and the monopole problems. In order to ascertain whether inflation is natural, there have been several attempts to study the curvature squared cosmology along with the Einstein curvature term. Even before Guth's [1] proposal of inflationary scenario, Starobinsky [2] proposed an inflationary model taking one loop quantum corrections to the classical Einstein Lagrangian. It has been shown that this model is equivalent to the curvature squared model in which the universe tunnels into the de Sitter phase that becomes unstable and finally emerges into the Friedmann era.
In order to show that the inflation is quite a natural phenomena for any initial conditions (called no hair conjecture), several authors [3] attempted to show that, for some models, inflation is really an attractor. The works done by Mijic, Moris and Suen [4], Maeda [5] and Vilenkin [6, 7] refer to the early universe situation of inflationary cosmology. Vilenkin deals with a quantum view point to study the Starobinsky model and considers the tunneling phenomenon in the de Sitter phase through solution of the Wheeler-DeWitt equation [7] in quantum cosmology. In this approach one requires a specific ansatz for the initial conditions, that are currently divided into two ways; the Vilenkin proposal [8] and the
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Hartle-Hawking proposal [9] . In the approach (without phase transition), the de Sitter solution is obtained as self-consistent solution of the vacuum Einstein equations modified by one loop quantum corrections due to quantized conformal matter fields or through the solution of the Wheeler-DeWitt equation with appropriate boundary conditions leading to inflationary de Sitter modes. The other approach is related to phase transitions. Here the inflation is driven by a false vacuum energy density and is related to the inflaton field in the model. The no hair conjecture is found to exist in both type of approaches as revealed by the works of Starobinsky and Schmidt [10] . In Maeda [5] as well as in Mijic et al [4] , the analysis of the inflation is looked upon in a classical way. Using Wald's [11] strong and dominant energy condition, it has been shown that in Ê ¾ -type cosmology inflation is quite natural but acts as a transient attractor only. In [4], the curvature squared theory has been shown to be equivalent to the Einstein gravity theory with a scalar field but without any potential form for the scalar field. Though Maeda succeeds in obtaining a potential form in their work with a long plateau region, it is not clear how the universe from a region of Planck region arrives at the plateau region simply by losing energy to roll over the flat region depending on initial conditions. We believe, the answer should come through the quantum behaviour, which is absent in their model [4, 5] . The quantum analysis carried out by Vilenkin [7] looks nice. However the initial condition of tunneling behaviour with respect to no hair conjecture has not been tackled with justice. However Starobinsky analysed his Ê ¾ type theory to show that there is an unstable de Sitter solution followed by the present Friedmann era after sufficient inflation. Though Vilenkin tried to answer some apsects of stability of de Sitter solution in the Starobinsky model, it is not clear even now how the self consistent de Sitter solution in the Starobinsky model exits to the Friedmann era, though it is unstable in both past as well as in the future. We try to understand this aspect from the energy conservation.
Moreover the curvature fluctuation term has been introduced in an adhoc way. In calculating the curvature fluctuations, Vilenkin treats the wave function as if it is normalized but it is known that the normalization of Vilenkin wave function is awkward. Whereas the instability is related to the curvature fluctuations and which in turn is related to the randomness in the initial states it is therefore necessary to study the origin of randomness. As the Starobinsky solution emerges due to the quantum corrections, the quantum superposition principle remains inherent in this description. Hence the emergence of the classical de Sitter universe should be answered in a natural way from the study of the quantum wave function of the universe.
In this paper we try to answer this problem at least being successful to point out the direction in which the investigation has to be persued to get a final answer. Our aim is to study (i) the normalization aspect of the wave function, (ii) the tunneling probability and (iii) the randomness and the curvature fluctuation in the Starobinsky description. It is shown that the energy momentum conservation forces a de Sitter universe to tunnel into a realistic spacetime. The tunneling from the Euclidean to the Lorentzian sector also demands a Wheeler-DeWitt type equation for the quantum wave function (referred as instanton) to settle the initial conditions which in turn is related to the two proposals of the quantum wave function of the universe. Here we find that the wormhole connected universe greatly modifies the initial conditions to be imposed on the Euclidean-de Sitter instanton universe. We report in this paper the main results.
The quantum instability of the de Sitter spacetime has been discussed at length by Mottola [12] and many others to understand the nature of Im Ä « with respect to the de Sitter
